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Cross-check Measurement 
of Electrical Properties of 
Semi-insulating GaAs 
SI GaAs is widely applied for many fields such as cellular phones, fibre communication systems, 
satellite broadcasting tuners. The SI property is necessary for high performance. The electrical 
properties of semi-insulating GaAs are determined by carbon concentrations and EL2 
concentrations, and are key parameters for the fabrication of ion-implanted type MESFETs 
for these applications. It is therefore very important to measure the electrical properties 
as accurately as possible without large deviation among various manufacturers. 
I n o rder  to cross check  the 
measurement  accuracy among 
affiliations, nine GaAs manufac- 
turers in Japan have per formed the 
measurements  of electr ical  proper-  
ties of GaAs wafers from the same 
ingot by  the van der  Pauw method.  
Ten consecut ive wafers (No. 1 -- 
No. 10) of a 75 mm diameter  GaAs 
ingot  were  prepared  by H i tach i  
Cable, Ltd. The electr ical  p roper ty  
uniformit ies of these samples were  
examined by affiliation A under  the 
tentatively determined measurement  
condit ions (Table 1) for two wafers 
from the top part (No. 1) and the tail 
part (No. 10). It was proved that they 
have reasonab le  un i fo rmi t ies  as 
shown in Table 2. Each wafer from 
the rest of these samples was mea- 
sured by each affiliation under  the 
tentat ive measurement  cond i t ions  
(Table 1). For each wafer, four sam- 
p les  were  cut  f rom the  cent re  
(Fig. 1) and their  electr ical  proper-  
ties were  measured. 
The tentative measurement  condi- 
tions in Table 1 have been deter-  
mined based on the former round- 
robin test repor ted  in this journal [11. 
The actual measurement  condit ions 
were  varied among various affiliations 
as shown at top of next  page. 
The measured results are shown m 
Table 3 and 4 for resist iv i ty and 
mobility, respectively. Even though 
there are some deviations of mea- 
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Figure 1.The position of sample cutting.The centre of the cut sample has to be consistent with the 
centre A of the region of 10 mm square. 
surement  condit ions among various 
affiliations, it was found that the 
resistivity variation was only 8.3% 
and the mobi l i ty variation was only 
3a,£ . , ,  o. In the present  cross-check test, 
measurement  temperature  wh ich  af- 
fects largely the measured value was 
cor rected  to 298K but no contact  
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Sample Size 
Contact Size 
Measurement Temperature 
Electrical Current 
Magnetic Field 
3.9 - 10.1 mm square 
0.3-  1.0 mm 
292.1 - 298 'C 
1.6 -  10.0 nA 
3000 - 10 000 Gauss 
Table 1: Tentative Measurement Conditions for Electrical Properties by the van der Pauw method. 
1. Sample  preparat ion  
Thickness 
Size 
Etching 
Contact formation 
2. Measurement  
Temperature 
Atmosphere 
Current 
Magnetic Field 
Thickness 
3. Equat ions  
- Resistivity 
0.5 - 1.0 mm 
3-10 mm square 
H2SO4:HpO2:H20 = 3:1:1 
Ohmic contact material such as In, 
size less than 0.2 of the sample 
side length 
room temperature 
in air and in dark 
larger than lnA  (~ 10 nA) 
larger than 3000 Gauss 
average of three thickness 
values measured at the centre 
p = (~ x t /21n2) x (R1 + R2) x f(R1 / R2) 
Here. t is the thickness and nR~ and R2 are the equivalent 
resistivity for two opposite sides. 
f is the correction factor for sample shape. 
in case of (R~ / R2) < 10, and of A = [(R1 / R2-1) / (R~/R:~ -t-1)]:' 
f(R~ / R2) = 1-0.34657 x A-0.09236 x A 2 
- Mobil ity 
IZ = (t/B) x R:~ / ,o 
Here, B is the magnetic flux density. R 3 is the equivalent resistivity 
between diagonal  corners used for resistivity measurement. 
4. Temperature  Cor rect ion  
- Resistivity 
P :,9~ = P • x exp [-Ea / k (1/T-1/298)] 
Here, Ea is the activation energy (= 0.75 eV) and k is the 
Boltzman constant (= 8.617 eV/K). 
- Mobility 
I~ :,9,~ = l l  T x (298 /T) 3/P 
size effect largely the measured value 
was corrected to 298K but no con- 
tact size effect was cons idered  
Nevertheless, the variation among 
affiliations was satisfactorily small. In 
o rder  to min imize  the var iat ion 
further, the measurement  condit ions 
including precise sample size and 
contact size, fixed electrical current  
and magnetic field arc desired and 
the correct ion of contact size effect 
is preferred. 
In summar T, we have shown that 
the electr ical  propert ies of semi- 
insulat ing GaAs can be measured 
with a satisfactoo' accuracy among 
various affiliations even under  tenta- 
tive measurement  condit ions with 
reasonable allowances, which can be 
acceptable for many ~fffiliations. The 
present results arc ve D' promising for 
GaAs material users to rely on the 
measurement  of electrical propert ies 
by GaAs manufacturers a far as the 
measurement  is performed under  the 
proposed conditions. 
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Table 2: Resistivity variations in sample wafers. 
Wafer Sample Resistivity Average o(Deviation) s/Average 
Number Number (Corrected (~.  cm) (~.  cm) 
for 298K) 
(O . cm) 
#1 1 1.68x10 ~ 1.69x10 / 0.0130x10 z 
(Top Part) 2 1.67x107 
3 1.70x107 
4 1.70x107 
0.0077 
#10 1 1.71x107 1.70x107 0.0083x107 
(Tail Part) 2 1.69x10 z
3 1.70x101 
4 1.69x107 
0.0049 
Table 3 Resistivities measured by various affiliations (corrected for 298K) 
Wafer Affiliation Average (r(Deviation) o/Average 
Number (~.  cm) (£~. cm) 
#1 A 1.69X107 0.0130X107 0.0077 
#2 B 1.69X107 0.0978X10 r 0.0578 
#3 C 1.64X107 0.0071X10 r 0.0043 
#4 D 1.89X107 0.0379X10 r 0.0200 
#5 E 1.68X107 0.0245X107 0.0146 
#6 F 1.60X107 0.0254X107 0.0159 
#7 G 1.52X107 0.1360X107 0.0896 
#8 H 1.94X107 0.1330X107 0.0686 
#9 I 1.61X10 ~ 0.0414X107 0.0257 
#10 A 1.70X107 0.0083X107 0.0049 
Average for all samples 1.70x107 0.1400x107 0.0827 
Table A. Mobilities measured by various affiliations (corrected for 298K) 
Wafer Affiliation Average (r(Deviation) (r/Average 
Number (cm2/V.sec) (cm2/V.sec) 
#1 A 7537 28.6 0.0038 
#2 B 7537 236.5 0.0314 
#3 C 7593 60.2 0.0079 
#4 D 7240 153.9 0.0212 
#5 E 6870 207.0 0.0301 
#6 F 7312 90.4 0.0123 
#7 G 7698 155.6 0.0202 
#8 H 7566 45.6 0.0060 
#9 I 7328 182.2 0.0249 
#10 A 7549 9.9 0.0013 
Average for all samples 7423 268.1 0.0361 
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